Abstract Resveratrol, a polyphenolic compound, has been shown to extend lifespan in different organisms. Emerging evidence suggests that the prolongevity effect of resveratrol depends on dietary composition. However, the mechanisms underlying the interaction of resveratrol and dietary nutrients in modulating lifespan remain elusive. Here, we investigated the effect of resveratrol on lifespan of Drosophila melanogaster fed diets differing in the concentrations of sugar, yeast extract, and palmitic acid representing carbohydrate, protein, and fat, respectively. Resveratrol at up to 200 μM in diets did not affect lifespan of wild-type female flies fed a standard, restricted or high sugar-low protein diet, but extended lifespan of females fed a low sugar-high protein diet. Resveratrol at 400 μM extended lifespan of females fed a high-fat diet. Lifespan extension by resveratrol was associated with downregulation of genes in aging-related pathways, including antioxidant peroxiredoxins, insulin-like peptides involved in insulin-like signaling and several downstream genes in Jun-kinase signaling involved in oxidative stress response. Furthermore, resveratrol increased lifespan of superoxide dismutase 1 (sod1) knockdown mutant females fed a standard or high-fat diet. No lifespan extension by resveratrol was observed in wild-type and sod1 knockdown males under the culture conditions in this study. Our results suggest that the gender-specific prolongevity effect of resveratrol is influenced by dietary composition and resveratrol promotes the survival of flies by modulating genetic pathways that can reduce cellular damage. This study reveals the context-dependent effect of resveratrol on lifespan and suggests the importance of dietary nutrients in implementation of effective aging interventions using dietary supplements.
Introduction
Aging is a process that leads to physiologic decline and an increased vulnerability to disease and death (Fontana et al. 2010) . While the process of aging is complex, advances in aging research have shown that age-related declines in lifespan and healthspan can often be delayed through genetic and environmental manipulation, e.g., diet or pharmacological agents (Fontana et al. 2010) . One of the most widely used experimental paradigms that extend lifespan in model organisms is calorie or dietary restriction (CR or DR), a condition in which calories or dietary nutrients are modestly reduced while maintaining adequate nutrition (Masoro 2009; Fontana et al. 2010; Piper et al. 2011) . DR has been reported to extend lifespan and attenuate age-related diseases in a wide variety of organisms including yeast, worms, flies, mice, rats, and probably nonhuman primates, rhesus monkeys (Colman et al. 2009; Fontana et al. 2010) . However, recent reports in several insect species and mice have challenged the effectiveness of this intervention to increase lifespan. Several labs have conducted nutrition geometric studies, which have measured lifespan in several fly species, including Drosophila melanogaster, Queensland fruit fly (Bactrocera tryoni), and the Mexican fruit fly (Mexfly; Anastrepha ludens), under dietary conditions with various amount of sugar and protein (Carey et al. 2008; Lee et al. 2008; Skorupa et al. 2008; Fanson et al. 2009; Piper et al. 2011) . These studies suggest that dietary composition or the ratio of carbohydrate relative to protein is more important than calorie intake in modulating lifespan. In mice, a study of lifespan in approximately 40 recombinant inbred lines under DR condition indicates that DR only extends lifespan in a subset of these mouse lines and even shortens lifespan in some (Liao et al. 2010) . This suggests that the prolongevity effect of DR depends on genetic background of the organism. Further, it is questionable whether DR would be widely utilized as a health or longevity intervention in human populations where the abundance of food has led to an epidemic of obesity . Obesity raises challenges to successful, healthy aging due its link to many diseases, including type 2 diabetes, stroke, and neurodegenerative disorders including Alzheimer's disease (Desai et al. 2010) . It is, therefore, important to assess the effect of interactions among various environmental and genetic factors in modulating lifespan.
Other research on the potential for nutritional modulation of lifespan has suggested the possibility that polyphenolic compounds from fruits and vegetables added to diets modulates healthy aging and lifespan (Lithgow et al. 2005; Obrenovich et al. 2010) . For example, resveratrol, a phytoallexin that is a member of the stilbene family, has been shown to extend lifespan in yeast, worms, flies, and a shortlived fish (Howitz et al. 2003; Wood et al. 2004; Valenzano et al. 2006) . Resveratrol affects activities of a number of proteins involved in aging, such as sirtuins and PGC-1α, to exert beneficial effects on health and lifespan (Pirola and Frojdo 2008) . Numerous studies have revealed health benefits of resveratrol supplementation, including delayed decline of age-related cognitive function, improved pancreatic β-cell function, and reduced cardiac hypertrophy in rodent models (Pearson et al. 2008; Lee et al. 2011; Chan et al. 2008; Baur 2010) . However, the effect of resveratrol on lifespan and the underlying mechanisms remain controversial. Emerging evidence indicates that the prolongevity effect of resveratrol depends on dietary conditions of the organism. Supplementation of resveratrol can extend the lifespan of mice placed on a high-fat diet when compared to their age-and diet-matched controls . Middle-aged mice fed a normal ad libitum diet supplemented with resveratrol were healthier but did not live longer than their ageand diet-matched controls (Pearson et al. 2008) . In D. melanogaster, when resveratrol was added to a normal diet, lifespan extension was observed in one study (Wood et al. 2004) but not in another (Bass et al. 2007b) .
Here, we evaluate the effect of resveratrol supplemented to diets varying the concentrations of sugar, yeast extract, and palmitic acid representing carbohydrate, protein, and fat, respectively, on lifespan in D. melanogaster. Our results reveal the interaction of resveratrol with dietary nutrients to modulate lifespan through stress-related pathways.
Materials and methods

Fly strains and culture conditions
Fly stains wild-type Canton S, da-Gal4 (w 1118 ; P{w [+mW.hs]=GAL4-da.G32},3) and UAS-sod1IR (w1; P{UAS-Sod1.IR}F103/SM5) were obtained from the Bloomington Drosophila Stock Center (Bloomington, IN, USA). Fly stocks were routinely maintained on standard fly cornmeal agar medium at 25±1°C, 60± 5% humidity, and a 12-h light/dark cycle (Ashburner et al. 2005) . Five types of sugar-, yeast extract-, and palmitic acid-based diets as control diets were prepared as previously described (Boyd et al. 2011 ). The standard base diet contained 10% sugar and 10% yeast extract in weight/volume; the DR diet had 2.5% sugar and 2.5% yeast extract; the high sugar-low protein diet consisted of 18% sugar and 2% yeast extract; the low sugar-high protein diet contained 2% sugar and 18% yeast extract; and the high-fat diet had 10% sugar, 10% yeast extract, and 2% palmitic acid. For resveratrol-supplemented diets, resveratrol was dissolved in 100% ethanol and added to each of the above five diets to a final concentration of 100, 200, or 400 μM. All diets contained 1.5% agar and equal amount of ethanol.
Lifespan assay
For lifespan assays, progeny flies were collected within 24 h after eclosion from the standard cornmeal food and allowed to mate for 24 h on the standard base diet. Under light CO 2 anesthesia, flies were sorted by sex into groups of 20 individuals and placed in 30 mL polypropylene vials that contained 5 mL of the base diet. After another 24 h, flies were transferred to a specified experimental diet as described above to start lifespan measurement. Flies were transferred to fresh food once every 2-3 days and the number of dead flies was recorded at each transfer in a Microsoft Excel® spreadsheet (Microsoft, Redmond, WA, USA) until all flies died. Flies were kept at 25±1°C, 60±5% humidity and a 12-h light/ dark cycle at all times.
Food intake assay
Food intake was measured using the capillary feeder method (CAFE) with minor modifications previously described (Ja et al. 2007; Boyd et al. 2011) . Female flies were fed the high-fat diet with or without 400 μM resveratrol until they were 14 days old. Randomly selected flies (n=16) from each treatment were housed in the capillary feeding chambers with two flies per chamber. Thus, there were eight replicates per treatment. The feeding capillary was filled with liquid and agar-free high-fat diet with or without 400 μM resveratrol. To account for evaporation of food, two feeding chambers were set up with feeding capillaries but without flies. The volume of food intake was recorded once every 24 h for three consecutive days. Average daily food intake per fly was then calculated.
Quantitative polymerase chain reaction Female flies exposed to the low sugar-high protein diet or high-fat diet, supplemented with or without 400 μM resveratrol were collected when they were 2 weeks old. Total RNA was isolated from the heads of approximately 20 flies per sample using the Trizol Reagent (Cat. No. 15596-026, Invitrogen Inc., Carlsbad, CA, USA) according to the manufacturer's protocol. The quality and quantity of total RNA was assessed using the Nanodrop 1000 from Thermo Scientific (Wilmington, DE, USA). cDNA synthesis from total RNA was performed using Superscript® reverse transcriptase (Cat. No. 18064-022, Invitrogen Inc.) . Quantitative polymerase chain reaction (qPCR) was performed using the StepOnePlus real-time PCR system from Applied Biosystems Inc. (Foster City, CA, USA) according to the manufacturer's protocol. qPCR measurement for each gene was repeated with four to six independent biological samples. The transcript level of each gene was normalized to the internal control gene ribosomal protein L32 (Rpl32). The primer sequences for all genes in this study were described in a previous publication (Boyd et al. 2011 ).
Statistical analysis
Statistical analyses were performed using Statview 5.0 software (SAS, Cary, NC, USA). Data were expressed as means ± standard error. Lifespan difference was assessed by the log-rank test. Student's t tests were performed for qPCR and food intake data; p<0.05 was considered statistically significant.
Results
The effect of resveratrol on lifespan of flies fed the standard base and DR diets
To assess the role of calorie content on the effect of resveratrol on lifespan, we measured the lifespan of wild type Canton S male and female flies on the standard base or DR diet supplemented with or without a final concentration of 100 and 200 μM resveratrol. Consistent with previous studies, the DR diet extended mean lifespan of both males and females when compared to the base diet ( Fig. 1a-d and Table 1 ). However, no extension or shortening of mean lifespan was observed at either dose of resveratrol for either males or females ( Fig. 1a-d) . The base and DR diets used here are routinely employed in aging intervention and DR studies in D. melanogaster (Bross et al. 2005; Bass et al. 2007a; Zou et al. 2007 ). Our findings suggest that supplementation of resveratrol at up to 200 μM is not sufficient to promote longevity of flies under standard or restricted dietary conditions.
Influence of dietary composition on the effect of resveratrol on lifespan
The ratio of carbohydrate to protein has been shown to be critical in modulating lifespan of flies (Lee et al. 2008; Skorupa et al. 2008) . Here, we assessed the effect of resveratrol supplementation on lifespan of Canton S flies fed diets varying the amounts of sugar and yeast extract (SY). Yeast extract is the only protein source in the SY-based diet. Consistent with findings in the literature (Lee et al. 2008; Skorupa et al. 2008), we found that the high sugar-low protein diet increased mean lifespan, while the low sugarhigh protein diet decreased mean lifespan in both males and females when compared to the standard base diet ( Fig. 2a-d ; Table 1 ). As in the case of the base diet, supplementation of resveratrol at up to 200 μM did not extend mean lifespan of either males or females fed the high sugar-low protein diet. However, supplementation of resveratrol at 200 μM but not 100 μM extended mean lifespan of females fed the low sugar-high protein diet by ∼15% (p<0.001). Supplementation of resveratrol at these same concentrations did not extend the lifespan of males fed any diet. These findings suggest that composition of dietary nutrients influences the effect of resveratrol on lifespan in a gender-specific manner.
The effect of resveratrol on lifespan of flies fed a high-fat diet
Resveratrol has been shown to promote the survival of mice fed a high-fat but not standard rodent chow diet Pearson et al. 2008) . Here, we measured lifespan of Canton S flies fed a high-fat diet with 2% palmitic acid supplemented with or without 200 or 400 μM resveratrol ( Fig. 3a-c ; Table 1 ).
Supplementation of resveratrol at either concentration did not extend the lifespan of males fed the high-fat diet (Fig. 3c) . However, supplementation of resveratrol at 400 μM increased mean lifespan of females fed the high-fat diet by ∼10% (p<0.01), when compared to the nonsupplemented controls ( Fig. 3a ; Table 1 ). The lifespan of females on the high-fat diet supplemented with 200 μM resveratrol was higher than the nonsupplemented controls, but the difference was not statistically significant. We also measured daily food intake of female flies fed with the agar-free high-fat diet supplemented with or without 400 μM resveratrol for three consecutive days using the CAFE method (Ja et al. 2007 ). Resveratrol did not change the daily food intake in these flies, indicating that lifespan extension by resveratrol in female flies fed the highfat diet is not due to the difference in food intake (Fig. 3b) . Taken together, these findings suggest that resveratrol can alleviate the detrimental effect of fat on the lifespan of females.
The effect of resveratrol on expression of aging-related genes
To investigate the mechanisms underlying the prosurvival effect of resveratrol, we measured transcript The number of flies in each trial is more than 100. No effect supplementation of resveratrol does not extend lifespan under the diet condition specified; Increase supplementation of resveratrol extends lifespan under the specified diet condition levels of approximately 30 genes involved in agingrelated pathways, such as nutrient sensing and oxidative stress response pathways, in females fed the low sugar-high protein diet supplemented with or without 400 μM resveratrol. Supplementation of resveratrol at 400 μM increased mean lifespan of females fed the low sugar-high protein diet by 15.4% when compared to the nonsupplemented control (p< 0.01, lifespan curve not shown). Most of the genes surveyed here were not regulated by supplementation of resveratrol (Fig. 4) . None of these genes were upregulated by resveratrol, either. However, six genes were found down-regulated by resveratrol. Among them are Drosophila insulin-like peptide 3 and 5 (dIlp3 and dIlp5) involved in insulin-like signaling, which is a major pathway known to modulate lifespan in worms, flies, and rodents (Broughton et al. 2005; Fontana et al. 2010) . Supplementation of resveratrol also downregulated glutathione S transferase D1 (GstD1) and heat shock protein 68, two downstream targets of Jun kinase (JNK) signaling pathway, which is a major oxidative stress response pathway and is known to modulate lifespan in several model organisms (Wang et al. 2005; Karpac and Jasper 2009 ). In addition, two peroxiredoxin (Prx) genes, Prx2540-1 and Prx6005, were downregulated by supplementation of resveratrol. Peroxiredoxins are antioxidant enzymes critical for maintaining redox status in the cell (Radyuk et al. 2003; Wood et al. 2003) . Taken together, these findings suggest that supplementation of resveratrol promotes the survival of flies by reducing oxidative damage. We also measured transcript levels for most of the genes described above for females fed the high-fat diet supplemented with or without 400 μM resveratrol. Similar to the case for the low sugar-high protein diet, supplementation of resveratrol did not change transcript levels of most of the genes surveyed here (Fig. 5) . Five of the six genes, dIlp3, dIlp5, gstD1, hsp68, and Prx2540-1, downregulated by resveratrol in flies fed the low sugar-high protein diet, were also downregulated by resveratrol in flies fed the high-fat diet. Supplementation of resveratrol also reduced the transcript level of Prx2540-2 instead of Prx6005. These findings are consistent with what we observed in the case of the low sugar-high protein diet and further support the notion that supplementation of resveratrol can reduce oxidative damage in flies.
The effect of resveratrol on lifespan of superoxide dismutase 1 knockdown flies To further investigate the prosurvival effect of resveratrol, we measured the lifespan of superoxide dismutase 1 (sod1) knockdown flies fed the base and high-fat diets supplemented with or without 200 and 400 μM resveratrol. Reduction of sod1 expression in flies was achieved by the RNA interference (RNAi) 
No effect Increase
No Resv 400 µM Resv Fig. 3 The effect of resveratrol on the lifespan of wild type Canton S flies fed the high-fat diet. a Lifespan curves of females fed the high diet supplemented with 0, 200, or 400 μM resveratrol (Resv). b Food intake of females fed the high-fat diet supplemented with 0 or 400 μM resveratrol. The bar graph shows average daily food intake in volume per fly for females 2 weeks old in three consecutive days. The error bars indicate standard error. c Lifespan curves of males fed the high diet supplemented with 0, 200, or 400 μM resveratrol. The number of flies in each trial is more than 100. No effect supplementation of resveratrol does not extend lifespan under the specified diet condition; Increase supplementation of resveratrol extends lifespan under the specified diet condition method. Expression of double-stranded RNA was induced from the UAS-sod1IR (inverted repeat) transgene by a ubiquitously expressed GAL4, daughterless (da)-Gal4, as previously described (Boyd et al. 2011; Martin et al. 2009 ). The sod1 knockdown flies were called sod1RNAi flies here. Supplementation of resveratrol at either 200 or 400 μM slightly extended mean lifespan of sod1RNAi females but not males fed the standard base diet or the high-fat diet by up to 8.7% and 11.4%, respectively (p<0.01; Fig. 6a-d) . These findings further support the role of resveratrol in modulating oxidative damage in flies.
Discussion
Resveratrol has been shown to increase lifespan and promote health span in model organisms ranging from yeast, worms, flies, and mice (Allard et al. 2009; Pirola and Frojdo 2008) . However, the prolongevity effect of resveratrol and its underlying mechanisms have been challenged by studies from several labs and remain controversial (Bass et al. 2007b; Kaeberlein et al. 2005) . In this study, we demonstrated the context-dependent effect of resveratrol on lifespan in D. melanogaster. We found that resveratrol at up to 200 μM did not extend the lifespan of female flies fed a standard, DR, or high sugar-low protein diet. However, resveratrol at 200 μM increased lifespan of females of wild-type Canton S strain fed a low sugar-high protein.
Resveratrol at 400 μM extended the lifespan of wild-type females fed a high-fat diet, as well as the lifespan of sod1RNAi females on the standard or high-fat diet. We did not observe lifespan extension by resveratrol in males under any of the dietary conditions tested here except that resveratrol at 400 μM slightly decreased lifespan of sod1RNAi males fed the standard base diet and resveratrol at 200 μM slightly increased lifespan of sod1RNAi males fed the high-fat diet. Although we have not measured the lifespan of flies fed a standard, DR or high sugar-low protein diet supplemented with higher than 200 μM resveratrol, our results suggest that female flies have a heightened responsiveness to supplementation of resveratrol than males and dietary composition modulates the prolongevity effect of resveratrol. Flies fed the low sugar-high protein or p<0.001 based on Student's t test high-fat diet had shorter lifespan than those on the standard base diet. sod1RNAi flies were also shortlived than their diet-matched controls. The lifespan extension by resveratrol was found to be associated with downregulation of insulin-like peptides and oxidative stress response genes. Taken together, our findings suggest that resveratrol is more effective to promote the survival of flies under stress.
Resveratrol was originally discovered as an activator of sirtuins to promote longevity (Howitz et al. 2003) . Sirtuins are a family of deacetylases found in species ranging from yeast to humans (Wood et al. 2004; Guarente 2007; Baur 2010) . Sirtuins are generally thought to mediate lifespan by DR, although this view along with the prolongevity effect of resveratrol has been challenged (Baur 2010) . A number of follow-up studies have revealed that resveratrol modulates activities of many targets besides sirtuins, including AMP-activated protein kinase (AMPK) and PGC-1α, known to be regulated by DR in mammals (Pirola and Frojdo 2008) . Through these targets, resveratrol exerts numerous beneficial effects in mammals ranging from increased insulin sensitivity, reduced plasma glucose and triglyceride levels, and attenuated oxidative damage. In this study, we have found that resveratrol reduces expression of two insulin-like peptide genes, dIlp3 and dIlp5, under the low sugar-high protein or high-fat diet condition when resveratrol promotes the survival of flies. This finding is consistent with results from mammalian studies, which have shown reduction of insulin-like grow factor-1 (IGF-1) by supplementation of resveratrol in diets Baur 2010) . In Drosophila, reducing the levels of dIlp2, dIlp3, and dIlp5 by partial ablation of insulinlike peptide-producing median neurosecretory cells in the brain resulted in longer lifespan and increased resistance to oxidative stress (Broughton et al. 2005) . In the present study, we have also shown that under the low sugar-high protein and high-fat diet conditions, supplementation of resveratrol leads to lower transcript levels of several oxidative stress response Fig. 5 The effect of resveratrol on gene expression and food intake in Canton S female flies fed the high-fat diet as determined by qPCR. a Expression patterns of metabolism-related genes in flies fed the highfat diet with or without 400 μM resveratrol. b Expression patterns of oxidative stress-related genes in flies fed the high-fat diet with or without 400 μM resveratrol. The relative transcript levels of all genes are in arbitrary units (a.u.) after being normalized to the transcript level of rpL32. Four to six biological independent samples were used in qPCR for each diet. genes, including gstD1, hsp68, and Prx. GstD1 and hsp68 are downstream targets of JNK signaling, a major oxidative stress response pathway known to modulate lifespan in worms and flies (Wang et al. 2005; Karpac and Jasper 2009) . Prxs are a family of anti-oxidants that protect cells from metabolically produced intracellular reactive oxygen species (Radyuk et al. 2003; Wood et al. 2003) . Resveratrol also increased the survival of sod1RNAi but not wild type Canton S females fed the standard base diet. These findings suggest that one of the mechanisms by which resveratrol promotes the survival in flies is to reduce insulin-like signaling and oxidative damage in the cell. Further, our results suggest that resveratrol indirectly modulates JNK signaling by altering oxidative stress levels in the cell.
Composition of dietary nutrients has a significant impact on lifespan (Fontana et al. 2010; Piper et al. 2011) . A major finding of our study is that the prosurvival effect of resveratrol depends on dietary context in Drosophila. The effect of resveratrol on lifespan extension is not likely due to its effect on food intake. Wood et al. showed that resveratrol did not decrease food intake in female flies fed a diet with 15% sugar and 15% yeast extract (Wood et al. 2004) . In this study, we found that resveratrol did not change food intake in females fed the high-fat diet. These data suggest that resveratrol does not affect palatability of the food or induce food aversion. In addition, the context-dependent effect of resveratrol is unlikely due to the difference in resveratrol uptake by flies under different dietary conditions. Our lab and others observed that food intake among females on the high sugar-low protein, low sugar-high protein and standard base diets differed by no more than 20% (Mair et al. 2005 ; our unpublished observation). Thus, resveratrol uptake should not be much different among these three diets. On the other hand, we previously demonstrated that female flies on the DR and high-fat diets increased food intake in volume by about twofold, when compared to those on the standard base diet (Zeng et al. 2011; Boyd et al. 2011) . Thus, flies ingested about twofold more resveratrol on the DR or high-fat diet, when compared to the base diet with the same concentration of resveratrol. However, two doses of resveratrol differing in twofold were tested for each diet in our study. The amount of resveratrol intake for flies on the DR or high-fat diet with the lower dose of resveratrol should be comparable to that for flies on the base diet with the higher dose of resveratrol. Therefore, the actual biological doses of resveratrol among diets are unlikely the main cause of the diet-dependent prolongevity effect of resveratrol. The context-dependent effect of resveratrol on lifespan apparently is not a unique feature of resveratrol. Phytochemicals found in fruits and vegetables have been shown to be beneficial to health, promote healthy aging, and possibly longevity (Lithgow et al. 2005; Obrenovich et al. 2010) . Emerging evidence indicates that prolongevity effects of phytochemicals depend on dietary conditions of the organism. To name a few, we have previously demonstrated that a freeze-dried extract from açai, a berry found in the Amazon region, can increase the survival in female Drosophila under a high-fat but not standard diet condition (Sun et al. 2010) . This lifespan extension is associated with transcriptional changes of genes involved in gluconeogenesis and JNK signaling. A mixture of cranberry and oregano extracts can extend the lifespan of females but not male Mexflies under dietary conditions with relative high sugar to protein ratios without decreasing reproduction Zou et al. 2011 ). Resveratrol itself has been shown to promote the longevity of female Mexflies under a narrow dietary condition ). The gender-specific response to phytochemicals is intriguing but poorly understood. Some phytochemicals including resveratrol are also phytoestrogens (Szkudelska and Szkudelski 2010) , which could potentially act synergistically with other hormones in female flies. This may result in a heightened responsiveness of females to supplementation of phytochemicals than males. Resveratrol can increase the lifespan of middle-aged male mice under a highfat but not standard diet, which is association with reduction of IGF-1 and activation of AMPK by resveratrol Pearson et al. 2008) . The effect of resveratrol in female mice has not been investigated yet. Taken together, our study along with a number of published works suggests that an efficient aging intervention using phytochemicals including resveratrol depends on diet composition. Furthermore, dietary conditions under which a phytochemical is effective in promoting longevity vary among different types of phytochemicals.
Over the last decade, an increasing body of evidence has accumulated to indicate that lifespan modulation by oxidative stress is context dependent (Salmon et al. 2010) . High fat and high protein diets are pronounced in modern societies producing increasing numbers of obese individuals including the aged (Szkudelska and Szkudelski 2010) . These individuals are more susceptible to type 2 diabetes, cardiovascular disease, stroke, and a host of other age-related diseases. Studies in mice and humans have shown that resveratrol can lower glucose levels and may be an effective intervention for the treatment of type 2 diabetes, a disease that is prevalent in both aging and obesity Milne et al. 2007; Szkudelska and Szkudelski 2010) . Resveratrol has also been shown to reduce oxidative damage in human cells and animal models (Szkudelska and Szkudelski 2010; Baur 2010; Frankel et al. 2011) . These studies along with the current findings support the hypothesis that resveratrol can promote health span partly through modulating oxidative stress pathways. However, our findings along with results published by other laboratories indicate that the prolongevity effect of resveratrol depends on metabolic conditions. Future studies directed to understand the mechanisms underlying the context dependent effect of resveratrol should provide not only insight into the oxidative stress theory of aging but also valuable guidance for implementing efficient aging interventions.
